Background: The uses of lactobionic acid, corundum microdermabrasion, and a combined technique, are treatments supporting therapies for acne vulgaris and seborrhoea. Objectives: The work was conducted to determine the effects of the peeling with lactobionic acid, corundum microdermabrasion, and a combined technique of both means on sebum secretion in acne vulgaris patients. Methods: The peeling with 50% lactobionic acid, the corundum microdermabrasion, and the combined technique were applied to 45 female patients divided into three groups of fifteen people each. Every one treatment was given five times in two week intervals. The measurements of sebum secretion were done within the T-and U-zones using Sebumeter SM15 (Courage & Khazaka, Germany). The last (sixth) measurement was performed two weeks after the last treatment. Results: Decrease in the level of sebum secretion was found during second or third measurement. Two weeks after the last treatment, the biggest decrease in the level of sebum secretion was observed in the patients treated with lactobionic acid, followed by those treated with the combined method. Conclusions: Treatments consisting of the peeling with lactobionic acid, corundum microdermabrasion, or the combined technique, brought significant decrease in the level of sebum secretion. The biggest decrease was observed in the patients treated with lactobionic acid, which being structurally similar to α-hydroxyacids exerts exfoliating properties. The combined method was also effective, because of increased skin penetration of the active ingredients, resulting from the abrasion of stratum corneum during the corundum microdermabrasion. The corundum microdermabrasion alone was the least effective approach.
Introduction
There are multiple and complex causes for acne vulgaris. The disease touches 75% -95% of the teenagers around the world. In 95% of cases, the skin changes are located on the face and other upper parts of the body (the chest and back) [1] . In a local treatment, different chemical peeling and mechanical abrasion procedures are recommended, often in combination with the other methods [2] [3] . Because of the chronic character and localization of the changes within much exposed parts of the body, the disease also brings severe psychological problems to the patients [4] . In the literature, one can find only limited data on sebumetric comparison of the skin lipid layer after treatment with lactobionic acid (LA) and corundum microdermabrasion. Both of them could have influence on the level of sebum secretion as LA is a hygroscopic substance with occlusive and exfoliating properties and corundum microdermabrasion removes the outer layers of epidermis and facilitates the penetration of skin by cosmetics' active ingredients.
Our work was conducted to determine the level of serum secretion on the face skin of acne vulgaris patients after the five-time treatment (the peeling with 50% LA, corundum microdermabrasion, or a combined technique) executed in two-week intervals and, finally, two weeks after the last treatment.
Methodology

Participants
The patients suffered from acne of intensity between 0.25 and 2.0 (a low to medium grade according to Cunliffe's scale) [5] . The participants had facial skin of a I or III type (Fitzpatrick's classification) and were not treated over last three months. No other facial skin changes than acne and elevated sebum secretion were detected.
Statistical analysis of the age distribution in the treatment groups showed no statistically significant differences (F = 0.12; p > 0.05) (Figure 1) .
The study took twenty weeks, from January to April (to avoid the period of sun exposure). The study was approved by Bioethics Committee of the Medical University in Lodz (RNN/66/13/KE). Written informed consent of the participants and the guardians of the under-age subjects was obtained. Each patient was informed about transient adverse reactions associated with the procedures.
Procedures
The level of skin grease was measured on skin of forehead, left and right cheek, nose and chin using Sebumeter SM15 (Courage & Khazaka, Germany) ( Table 1) . A special cassette with a pergamin ribbon was used to assess the level of skin sebum. Following the manufacturer recommendation, the ribbon was pressed against the skin with a force of 4 N for 30 s, followed by photometric analysis using an MP15 photometer [6] - [8] . The mea- surements were conducted in a T zone (a forehead, nose and chin) and in a U zone (a left and right cheek) [4] [9] and the data were analyzed by a computer program and gathered in a database. The measurements (the total of six) were conducted before each session (performed five times in two week intervals) and two weeks after the last session.
Before any treatment, the skin of a patient's face was purified with a gel for acne skin, dried, and left for five hours without the use of any cream. Then, the skin around eyes, nostrils and lips was protected with vaseline. Lactobionic acid (50%) was applied onto a whole face for 20 minutes, then the face was washed with water, dried and treated with a moisturizing cream with sebum-control properties. Before corundum microdermabrasion, the facial skin was degreased. The exfoliation with aluminum oxide crystals was executed along with the natural orientation of facial muscles. Each move was applied at the pressure of 0.30 bar (225 mmHg) and was repeated three times over ten minutes. After the remaining crystals were removed (with a brush) from the skin, the facial skin was washed with water and a cream containing 5% of LA and having moisturizing and sebum-control properties was applied. During the combined treatment, first the corundum microdermabrasion was executed along the natural orientation of facial muscles. Each move was applied at the pressure of 0.2 bar (150 mmHg) and was repeated three times over ten minutes. Then, 50% LA was applied for 10 minutes. After that period of time, the facial skin was washed with water and a cream having moisturizing and sebum-control properties was applied. The patients were instructed to use at home the anti-acne washing gel (two times a day) and a sebum-regulating cream, as well as to use sunscreen creams and to avoid direct sunlight.
Statistical Methods
To analyze qualitative properties of a given test group structural indices were calculated. To characterize the average values of quantitative properties an arithmetic mean ( x ) and a median (Me) were calculated. Data dispersion was characterized by standard deviation (SD). Also the lowest and the highest values were specified. The generated plots show the mean values and their 95% confidence intervals.
Empirical distribution of investigated parameters was analyzed using the Shapiro-Wilk W test. The non-parametric Wilcoxon test for related data was used. The selection of a parametric test also depended on the homogeneity of variance, which was assessed with the Levene test.
To compare within the groups the analyzed parameters in respect to the period of time the treatment was given, the Friedman non-parametric ANOVA test was used, which is an equivalent to the variance test and meets the statistical requirements for this type of analysis.
In all analyses, a significance value p < 0.05 was required.
Results
Peeling with Lactobionic Acid
Before the first session, the average amount of sebum on a forehead was 170.3 ± 40.1 μg/cm 2 (median 166.0). Statistically significant differences (z = 2.8; p = 0.005) were observed before the third session, when the mean value dropped to 118.3 ± 33.8 μg/cm 2 (median 103.0), i.e. to 69.5% of the initial value. After the last session the mean value further dropped to 99.8 ± 28.8 μg/cm 2 (median 95.0), i.e. to 58.6% of the initial value (Figure 2 ). Before the first session, the average amount of sebum on a left cheek was 159.9 ± 52.5 μg/cm 2 (median 164.0). Statistically significant differences (z = 2.1; p = 0.04) were observed already before the second session, when the mean value dropped to 132.1 ± 56.2 μg/cm 2 (median 117.0), i.e. to 82.7% of the initial value. After the last session the mean value further dropped to 88.8 ± 19.0 μg/cm 2 (median 86.0), i.e. to 55.6% of the initial value (Figure 3) .
Before the first session, the average amount of sebum on a right cheek was 157.0 ± 42.5 μg/cm 2 (median 171.0). Statistically significant differences (z = 2.9; p = 0.004) were observed before the third session, when the mean value dropped to 98.4 ± 33.3 μg/cm 2 (median 91.0), i.e. to 62.7% of the initial value. After the last session the mean value further dropped to 84.4 ± 25.9 μg/cm 2 (median 80.0), i.e. to 53.8% of the initial value (Figure 4) . Before the first session, the average amount of sebum on the skin of nose was 184.8 ± 50.8 μg/cm 2 (median 197.0). Also before the third session statistically significant differences (z = 2.5; p = 0.02) were observed, when 2 ) on a right cheek before given sessions of peeling with 50% LA, the corundum microdermabrasion, or the combined technique. Figure 5) .
The initial average amount of sebum on a chin was 186.5 ± 35.5 μg/cm 2 (median 188.0). Statistically significant differences (z = 2.78; p = 0.005) were observed before the third session, when the mean value dropped to 131.9 ± 41.0 μg/cm 2 (median 123.0), i.e. to 70.8% of the initial value. After the last session the mean value further dropped to 109.9 ± 37.5 μg/cm 2 (median 98.0), i.e. to 52.1% of the initial value (Figure 6 ).
Corundum Microdermabrasion.
Before the first session, the average amount of sebum on a forehead was 212.1 ± 24.6 μg/cm 2 (median 214.0). Statistically significant differences (z = 3.4; p= 0.0009) were observed before the second session, when the mean value dropped to 193.9 ± 18. 
Combined Technique-Corundum Microdermabrasion and Lactobionic Acid
Before the first session, the average amount of sebum on a forehead was 189.9 ± 36.3 μg/cm 2 (median 190.0). Statistically significant differences (z = 2.6; p = 0.009) were observed before the third session, when the average amount of sebum was 152. 
Discussion
Not many scientific papers deal with the effects of corundum microdermabrasion and chemical peeling on the skin lipid layer [10] . Our own results indicate that corundum microdermabrasion, peeling with 50% LA, and the combined technique, all bring significant decrease in the level of sebum secretion. These effects may result from chemical interaction with the skin lipid layer.
Lactobionic acid is a product of oxidation of a natural disaccharide -lactose. It consists of a carbohydrate D-galactose connected with a D-gluconic acid moiety through an acetal linkage, which can be cleaved enzymatically in vivo. LA is a bionic acids family member consisting of polyhydroxy acids (PHA) carrying a D-galactose unit (Figure 7) . Galactose is an endogenous sugar (of a hexose type) used in biosynthesis of e.g. glycosaminoglycans or collagen. D-gluconic acid belongs to a family of polyhydroxy acids, which are known for beneficial effects towards skin. Therefore, D-gluconic acid (or gluconolactone) is often used in cosmetic products. Because of valuable properties of its structural motifs, LA has been successfully implemented into different cosmetic products. It reduces the secretion of sebum and inhibits certain metalloproteinases present in skin matrix and in this way slows down the formation of wrinkles and teleangiectasias. Also its ability to prevent tissue damage associated with hydroxyl radicals (due to the chelation of Fe 2+ ) is more and more appreciated. LA is a hygroscopic substance, which easily forms a gel containing 14% (w/w) of water and exerting occlusive properties more intensely than other humectants (eg. glycerol). This is because of the polyhydroxyl structural motif, resembling to a certain extent glycosaminoglycans. Taking into account that the physicochemical parameters of LA (molecular mass 358 g/mol and pKa = 3.8) and its structure are similar to those for glycolic acid [11] - [15] , one may expect for LA some exfoliating properties.
The use of typical α-hydroxy acids (AHA) usually offers many benefits, but often causes skin irritation. This awful side effect is associated with elevated acidity of AHA, as massive production of hydrogen ion during the dissociation process is harmful to the tissues. Nonetheless, high bioavailability of the active ingredients correlates with low pH, because only undissociated species effectively penetrate the skin and the exfoliation is most efficient with AHA used at pH lower than their pKa [14] [16]- [18] .
The D-galactose unit present in LA makes it more tolerable and less irritating to the skin compared to other AHA. Also, the dimensions of the LA molecule (885.19 Å 3 ), being bigger than those of widely used AHA, slow down penetration through the skin. Thus, LA molecules migrate slowly through the skin layers, so skin irritation is substantially reduced compared to other peeling agents [13] .
The most patients suffering from papulopustular acne (of low or medium intensity), peeling with 40% -50% pyruvic acid (for 3 -4 months, at two weeks intervals) brought significant improvement without apparent side-effects [19] . In other treatment scheme, every two weeks (a total of 6 times) twenty patients with acne vulgaris (of low or medium intensity) had 30% glycolic acid (an α-hydroxy acid) applied on a one half of the face, and 30% salicylic acid (an aromatic hydroxy acid) on the other [20] . Although the salicylic was expected to be more effective (because of known higher lipophilicity), no difference was noted and both peeling agents worked with similar efficacy. Changes in the sebum secretion were not analyzed [6] .
Determination of the sebum level (monitored with a sebumeter) in acne patients after chemical peeling with 30% glycolic acid and Jassner solution showed virtually no changes, although reduced keratinization led to the unblocking of sebaceous glands and improvement of the skin appearance [21] .
Within corundum microdermabrasion the outer layers of epidermis are removed, and this treatment is considered a mild and non-invasive way for speeding up the exfoliation process [22] - [24] . Aluminum oxide (Al 2 O 3 , corundum) is a natural compound of high purity, and, importantly, is not harmful to the organism. It has good abrasion ability, does not penetrate the skin, and these features together with its antibacterial properties make the corundum microdermabrasion a useful method supporting the anti-acne treatment [25] - [27] . Also, the corundum microdermabrasion facilitates the penetration of skin by active ingredients due to the abrasion of stratum corneum [28] . Repeated microdermabrasion treatments stimulate regeneration and improve the elasticity of the skin. These effects occur not only within the epidermis, which after the removal of dead layers becomes smoother, but also within the skin matrix, where biosynthesis of collagen and elastin gets stimulated [29] . Most likely, these positive changes result from the stimulation of the epidermis cell proliferation, and from the controlled skin irritation leading to the enhancement of biosynthesis of pro-inflammatory cytokines, transcription enzymes, and eventual skin regeneration [29] . Microdermabrasion reduces seborrhea in fatty skin, however, there is limited amount of data available on the influence of this treatment on sebum secretion, skin hydration, pH, and transepidermal water loss (TEWL), while the available results are inconsistent [10] [23]- [27] [29] [30] .
Treatments consisting of the peeling with 50% lactobionic acid, corundum microdermabrasion, or the combined technique (all provided in five sessions, with two-week intervals) were well tolerated and brought statistically significant decrease in the level of sebum secretion. The corundum microdermabrasion and the combined method resulted also in temporary erythema, which was not detected after the use of 50% LA, perhaps because of its healing and hydrating properties.
Chemabrasion with 50% LA reduced the skin lipid layer faster than the combined method, with the corundum microdermabrasion being the least effective. To a certain extent the high efficacy of the chemabrasion may result from a relatively long time of the single treatment (20 minutes), compared to the combined technique (10 minutes). However, this rank of efficacy predominantly results from the fact that, depending on the degree of pressure reduction, treatment time and the size of corundum particles, microdermabrasion may strongly reduce the epidermal barrier [31] . While these changes may bring some clinical improvement and may reduce keratosis pilaris, they may also too much accelerate the penetration of LA (or other active ingredients) through the skin [28] .
As mentioned earlier, the D-galactose unit present in LA makes it more tolerable and less irritating to the skin, compared to other AHA, even at high concentration and with simultaneous corundum microdermabrasion. To achieve high bioavailability of LA, the pH of the solution was set well below the pKa value (pH = 1.65; pKa = 3.8). This pH pushed the LA dissociation reaction in the direction of undissociated species, which exert better exfoliating properties and offer high safety.
